Abstract. Resistance to platinum-based chemotherapy frequently poses a significant problem in the treatment of head and neck squamous cell carcinomas (HNSCCs). In this study, we isolated cisplatin-resistant UM-SCC-23 CDDP/R cells from a UM-SCC-23 head and neck squamous cell carcinoma cell line. The UM-SCC-23 CDDP/R cells were approximately 3.5-fold more resistant to cisplatin than the UM-SCC-23 cells. Translesion DNA synthesis (TLS) is one of the major pathways involved in post-replication repair. To ascertain whether TLS is involved in cisplatin resistance in human cancer cells, we analyzed expression of the Rev3 gene, which encodes the catalytic subunit of DNA polymerase ζ (Polζ), using quantitative PCR. Expression of hRev3 mRNA in the UM-SCC-23 CDDP/R cells was approximately 1.4-fold higher than in the UM-SCC-23 cells. In both types of cells, expression of hRev3 mRNA was suppressed using siRNAs. Cisplatin sensitivity after hRev3 mRNA knockdown increased approximately 2-fold in UM-SCC-23 cells and approximately 3-fold in UM-SCC-23 CDDP/R cells. This study suggests that hRev3 knockdown with siRNAs increases sensitivity to cisplatin. Inhibition of the hRev3 gene may therefore prove to be a novel clinical strategy for reducing resistance to platinumbased chemotherapy in HNSCC.
Introduction
Cisplatin-based chemotherapy is widely used in the management of locally-advanced head and neck squamous cell carcinoma (HNSCC). However, recurrence often occurs following primary treatment, and treatment of recurrent tumors frequently fails due to resistance to therapeutic agents, including cisplatin (1) . Although, to date, there have been many studies concerning the mechanisms of chemoresistance, effective strategies against chemoresistance in HNSCC (2-4) have yet to be devised.
The major cytotoxic effect of cisplatin is through the formation of DNA damage, such as DNA-interstrand crosslinks (4) . After exposure to cisplatin, cells show one of two reactions: the induction of apoptosis through signal transduction, trigged by DNA damage and resulting in cell death, or the repair of DNA damage for cell survival (5) .
Translesion DNA synthesis (TLS) and homologous recombination (HR) are the two major pathways involved in post replication repair (6) . A number of TLS polymerases have been identified in Saccharomyces cerevisiae and mammals (7) .
Candidates for translesion synthesis past bulky DNA adducts in vivo include members of the DNA polymerase X (polymerase ß, polymerase μ, polymerase λ), polymerase B (polymerase ζ) and polymerase Y (Rev1, polymerase η, polymerase τ, polymerase κ) families. Of these, DNA polymerase η exhibits the highest translesion activity for the cisplatin adduct, followed by polymerase μ and polymerase ζ (8) .
The Rev3 and Rev7 genes encode the catalytic subunit of DNA polymerase ζ (Polζ) (7) . Inactivation of the Rev3 gene sensitized chicken cells to cisplatin and to various DNA damaging agents, such as UV, methyl methanesulfonate and ionizing radiation. hRev3 antisense-expressing human fibroblasts demonstrated hypersensitivity to the cytotoxic effect of cisplatin (9) . These results suggest that the subunit genes of Polζ significantly affect cellular resistance to cisplatin. It may therefore be possible to overcome cisplatin resistance through the inhibition of these genes.
In this study, cisplatin-resistant UM-SCC-23 CDDP/R cells were established from cisplatin-sensitive UM-SCC-23 cells. 6 ) were inoculated into a 10-cm dish and cultured for 24 h in DMEM with 10% FBS. Cells were then treated with cisplatin (Nihonkayaku, Tokyo, Japan) at a concentration of 0.5 μg/ml for 24 h. Subsequently, cells were cultured in DMEM without cisplatin until the restoration of stable growth. The concentration of cisplatin treatment was stepwisely increased from 1.0 to 2.0, 3.0, 4.0 and 5.0 μg/ml.
Analysis of hRev3 mRNA expression. Expression of hRev3 mRNA in the UM-SCC-23 and UM-SCC-23 CDDP/R cells was determined by real-time RT-PCR. Total RNA was extracted with Trizol reagent (Invitrogen) from the cell lines, and the initial cDNA strand synthesis was performed with ThermoScript™ (Invitrogen) for the detection of hRev3 mRNA. Forward (5'-GCTCCAGTATGTGTACCATCTTGT) and reverse (5'-ATGGATATCTCGAAGTAACACGTC) primers were used under the following conditions: 10 min at 95˚C and 40 cycles of 5 sec at 95˚C, 20 sec at 60˚C, and 40 sec at 72˚C. The LightCycler System (Roche Diagnostics, Sandhoferstrasse, Mannheim, Germany) was used with SYBR-Green PCR Core reagents (PE Biosystems, Werrinton, UK). The expression levels of hRev3 mRNA for each sample were determined by standardization with expression levels of ß-actin.
Short interfering RNA transfection. siRNAs were synthesized to the target sequences of hRev3 mRNA corresponding to nt 860-879 (5'-GAUCACAGGUUUGUGCCAGtt) and 1190-1209 (5'-AGACUGAGUGAGUCACCUGtt) (Invitrogen). Each siRNA contained two additional 2'-deoxythymidine nt at the 3' end. The selected sequence was screened by means of a BLAST search against all known human genes to verify that only human Rev3 mRNA was targeted. In addition, a randomly rearranged sequence of REV3 860, also obtained from Invitrogen, was used as control siRNA. siRNAs were complexed with the cationic lipid siFector (B-Bridge, CA, USA) in Opti-MEM medium (Invitrogen) as recommended by the suppliers. The siRNA-siFector complex was added to 6-cm dishes at a final concentration of 2 μM. After 8 h, cells were washed twice with PBS. Following transfection, hRev3 mRNA expression levels were evaluated by real-time RT-PCR at 24, 48 and 72 h.
Tetrazolium dye (MTT) cytotoxicity assay.
After siRNA treatment, cellular sensitivity to cisplatin and bleomycin was determined by the MTT cytotoxicity assay. Cells were plated in 48-well plates at 2.0x10 4 cells/well and allowed to adhere for 24 h, then siRNA-siFector complex was added to each well. Medium was replaced with 10% FBS-DMEM 24 h after the addition of the siRNAs. The medium was removed 48 h later and replaced with fresh medium with or without increasing concentrations of cisplatin or bleomycin. Cells were then incubated for an additional 48 h. Subsequently, the medium was replaced with fresh medium without cisplatin or bleomycin, and cells were incubated for a further 24 h. Cell survival was then determined using Cell Proliferation Kit I (MTT) (Roche Applied Science, Mannheim, Germany). The experimental data represent the average of six replicates, and experiments were repeated at least three times.
Results
Cisplatin sensitivity. We analyzed the cisplatin sensitivity of the UM-SCC-23 cells and of the UM-SCC-23 CDDP/R cells isolated from the UM-SCC-23 cells using the MTT assay. The results are shown in Fig. 1 . UM-SCC-23 CDDP/R cells were ~3.5-fold more resistant to cisplatin than UM-SCC-23 cells.
hRev3 mRNA expression levels. Expression of hRev3 mRNA in UM-SCC-23 and UM-SCC-23 CDDP/R cells was analyzed by real-time RT-PCR (Fig. 2) . Expression levels of hRev3 mRNA in the UM-SCC-23 CDDP/R cells were ~1.4-fold higher than expression levels in the UM-SCC-23 cells.
Knockdown hRev3 expression by siRNAs.
A decrease in hRev3 mRNA expression in both cell lines was induced by the introduction of the siRNAs (Fig. 3) . Both types of cells treated with REV3 860 and REV3 1190 exhibited a 96-97% suppression of hRev3 mRNA expression after 72 h, while siRNA-free and control siRNA treatment caused no change in Rev3 expression. Cisplatin sensitivity after hRev3 knockdown. Cisplatin sensitivity after suppressing hRev3 mRNA expression levels was determined using the MTT assay (Fig. 4) . The hRev3 knockdown by REV3 860 and REV3 1190 caused an ~2-fold higher cisplatin sensitivity in UM-SCC-23 cells compared to siRNAfree and control siRNA treated cells. Cisplatin sensitivity increased ~3-fold in the UM-SCC-23 CDDP/R cells. However, when bleomycin sensitivity was analyzed after suppression of hRev3 mRNA expression in the UM-SCC-23 and UM-SCC-23 CDDP/R cells, no difference was observed in cell survival (Fig. 5) . 
Discussion
In this study, we isolated the cisplatin-resistant cell line UM-SCC-23 CDDP/R from cisplatin-sensitive UM-SCC-23 cells by treating cells with increasing concentrations of cisplatin.
The mechanisms of resistance to cisplatin have been investigated in previous studies. Based on the results of these studies, it has been suggested that Polζ activity is closely related to sensitivity to cisplatin. Homologous recombination and translesion DNA synthesis may contribute most to the repair of cisplatin damage, while Polζ may be one of the most important TLS polymerases responsible for cisplatin tolerance.
Since Rev3 and Rev7 are the catalytic subunits of Polζ, we determined hRev3 mRNA expression in these sensitive and resistant cell lines. As expected, expression in the resistant cells was higher than in the sensitive cells. This increase in hRev3 mRNA expression levels suggests that there is a relation between cisplatin resistance and hRev3 mRNA expression levels, consistent with a previous report that hRev3 mRNA expression was increased 2-fold after cisplatin treatment (9) .
We additionally tried to suppress expression of hRev3 mRNA using specific siRNAs. In the two cell lines, hRev3 expression was effectively suppressed by siRNA transfection. After the knockdown of hRev3 expression, both cell lines had 2-to 3-fold increased sensitivity when compared to the control cells. This is consistent with the finding that Rev3 knockout mouse fibroblast cells showed an increase in cisplatin sensitivity (10) . Thus, Polζ plays an important role in DNA repair, which in turn plays a role in resistance to cisplatin.
In contrast, the sensitivity of bleomycin evidenced no change after treatment with siRNAs. The cytotoxicity of bleomycin is ascribed to the production of DNA double-strand breaks. The repair of these strand breaks is accomplished through homologous recombination or non-homologous end joining (11) . The results of the present study suggest that Polζ may not significantly contribute to such a repair of DNA double-strand breaks.
The results of the present study demonstrate that the change in hRev3 expression by molecular genetic methods is related to sensitivity to cisplatin in human cancer cells. These findings indicate that inhibition of the hRev3 gene on Polζ may serve to enhance the efficacy of future cancer chemotherapy.
